To estimate global aerosol radiative forcing, measurements of aerosol optical properties are made by the National Oceanic and Atmospheric Administration (NOAA) Earth System Research Laboratory (ESRL)'s Global Monitoring Division (GMD) and their collaborators at 30 monitoring locations around the world. Many of the sites are located in regions influenced by specific aerosol types (Asian and Saharan desert dust, Asian pollution, biomass burning, etc.). This network of monitoring stations is a shared endeavor of NOAA and many collaborating organizations, including the World Meteorological Organization (WMO)'s Global Atmosphere Watch (GAW) program, the U.S. Department of Energy (DOE), several U.S. and foreign universities, and foreign science organizations. The result is a long-term cooperative program making atmospheric measurements that are directly comparable with those from all the other network stations and with shared data access. The protocols and software developed to support the program facilitate participation in GAW's atmospheric observation strategy, and the sites in the NOAA/ESRL network make up a substantial subset of the GAW aerosol observations. This paper describes the history of the NOAA/ESRL Federated Aerosol Network, details about measurements and operations, and some recent findings from the network measurements.
C
limate change is one of the most important environmental, social, economic, and political issues facing the planet today. Aerosol particles may have either a warming or cooling effect at the top of the atmosphere, depending on both the properties of the aerosol and the underlying surface (IPCC 2013) . Atmospheric aerosol particles interact with solar radiation by absorbing and scattering light. The amount of scattering and absorption is a function of particle size, composition, and shape, as well as external variables like relative humidity (RH) and the wavelength of incident light. The regional influence of aerosol particles on climate and weather tends to be stronger than their global average impact, because of their relatively short atmospheric lifetimes and inhomogeneity in sources and processing. Thus, to understand the global influence of aerosol particles, it is necessary to make long-term measurements at many regionally representative sites (e.g., Laj et al. 2009; Lund Myhre and Baltensperger 2012) . Shortterm aerosol campaign measurements are typically designed to study specific processes and/or events; however, long-term measurements are often needed to put such data into a broader context, for example, to assess whether field campaign measurements represent that location and season, and to assess trends and variability. Such long-term measurements can take the form of ground-based remote sensing, satellite-based remote sensing, and/or ground-based in situ sites. While the focus here is on long-term surface in situ sites, it is important to recognize the synergy obtained when data from multiple independent platforms are combined (e.g., Ogren 1995; Kahn et al. 2004 Kahn et al. , 2017 Anderson et al. 2005) . For example, combining surface measurements with airborne or remote sensing platforms enables the connection of ground-based aerosol properties to vertically resolved processes. While ground-based in situ measurements cannot represent the properties of aerosols that are present in layers aloft, multiyear in situ aerosol profiling measurements over two Federated Aerosol Network (FAN) sites in the United States have shown that ground-based measurements of aerosol intensive properties such as the single-scattering albedo and the scattering Ångström exponent can represent the climatology of those properties aloft under well-mixed conditions (Andrews et al. 2004; Sheridan et al. 2012) .
Numerous stations around the world make longterm in situ measurements of regionally representative aerosol optical properties. Originally, many of these sites were operated in isolation to address specific scientific goals with sampling and data protocols designed to meet those goals, making it difficult to utilize those data in wider studies and intercomparisons (Kulmala et al. 2011) . Several recent papers note the importance of consistent operational and data processing among sites in order to improve data quality control and access across locations (e.g., Kulmala et al. 2011; Wiedensohler et al. 2012) . In contrast, some sites (e.g., the original NOAA baseline observatories; Bodhaine 1983) were conceived as part of a network where similarities in instruments, protocols, and a common data archive resulted in complete intranetwork consistency, although extra-network comparisons were limited by differences in data collection and/or treatment. Recognition of the need for consistent measurements drives the development of protocols for instruments and data treatment (e.g., WMO 2016).
This paper presents a description of the current NOAA FAN, which evolved from the original NOAA baseline network. The two primary purposes of this paper are 1) to describe the current state of the FAN (including its member stations, the measurements common to most of the stations, and the sampling and measurement protocols) and 2) to show examples of the science that is possible with a global network of this type. A number of earlier papers (e.g., Sheridan et al. 2001; Delene and Ogren 2002; Sherman et al. 2015) touched on some aspects of this, utilizing small subsets of the network (one to four stations), but, until now, there have been no papers describing the FAN in its entirety. The paper begins with a brief history of the network, discusses the key measurements and measurement protocols made at network sites, describes the software for data acquisition and processing, and, finally, presents an overview of the scientific results from FAN measurements over the last 15 years.
HISTORY OF THE NOAA FAN.
The current network mission is to characterize the means, variability, and trends of climate-forcing properties of different types of aerosols, and to understand the factors that control these properties. In the 1970s, NOAA's Environmental Research Laboratory (ERL) Geophysical Monitoring for Climatic Change (GMCC) program had the mission to detect changes (i.e., trends, cycles) in the long-term global aerosol background values. To do so, GMCC conducted aerosol measurements at Fig. 1 . These sites are remote from aerosol sources and typically represent clean background air; although, occasionally, they may be impacted by long-range transport (e.g., Perry et al. 1999; Stone et al. 2007) .
Since the initial founding of the baseline observatory network, the scientific understanding of the properties and impacts of atmospheric aerosols has improved considerably. In response to the finding that anthropogenic aerosols create a significant perturbation in the Earth's radiative balance on regional scales (e.g., Bolin and Charlson 1976; Charlson et al. 1991) , NOAA expanded its aerosol research program starting in 1992 to include four sites in North America: Bondville, Illinois (BND; a collaboration with University of Illinois); Sable Island, Nova Scotia, Canada (WSA; a collaboration with Environment and Climate Change Canada); Southern Great Plains (SGP; a collaboration with the U.S. Department of Energy); and Trinidad Head, California (THD). These site locations were chosen because they are at times impacted by anthropogenic aerosols and consequently address the need to better understand how human activity can influence the radiation balance. Although these sites are not as remote as the baseline observatories, they also are not close to major anthropogenic aerosol sources (e.g., Delene and Ogren 2002) and typically provide measurements of regionally representative aerosol (e.g., Wang et al. 2018) .
The NOAA/ESRL/Global Monitoring Division (GMD)'s expertise in maintaining long-term measurements of aerosol optical properties (often at remote locales) did not go unnoticed. Colleagues from around the world contacted GMD for advice on station operations and instrument maintenance, and the collaborative NOAA/ESRL Federated Aerosol Network was born. The concept for and, indeed, the name of the FAN owe much to the development of the Aerosol Robotic Network (AERONET) sunphotometer network in the mid-1990s (Holben et al. 1998) . The definition of a federation is groups "that have joined together for a common purpose" (www.collins dictionary.com/us/dictionary/english/federated). The descriptor federated is appropriate, as the result is a long-term cooperative program with shared data access, making atmospheric measurements that are directly comparable with all the other FAN stations. FAN collaborators contribute scientific interest, instruments, on-site technicians, long-term station costs, and operations support, while NOAA contributes software for data acquisition and processing, as well as technical expertise. It is a true partnership, where both sides are learning from each other. A major advantage is that the NOAA software and protocols streamline data acquisition and processing (discussed below) so that more time can be spent on science. Since 2010, more than 50 papers using FAN data have been published (NOAA 2018a) and multiple graduate theses have also been submitted. FAN support has also improved data submission to the World Data Centre for Aerosols (www.gaw-wdca.org), in terms of both quantity of data submitted and quality and completeness of the submitted datasets.
Since 2004, 25 sites operated by numerous collaborators have joined FAN (prior to 2004 only 6 sites were in the network: NOAA's four baseline observatories and two regional stations running NOAA instruments and supervised by NOAA scientists). Many of these new cooperative aerosol monitoring sites are situated in regions where significant aerosol forcing is anticipated, including locations in North America, Europe, and Asia. Figure 1 illustrates that, while there is reasonable global coverage, there are also some large spatial gaps (particularly in the Southern Hemisphere) as a result of finite funding resources and limited infrastructure, as well as the lack of collaborators in those regions. NOAA has as major partners in these global and regional aerosol measurements the World Meteorological Organization (WMO)'s Global Atmosphere Watch (GAW) program, and several U.S. and foreign universities and science agencies. Most of the collaborative stations are run under the auspices of the GAW network; thus, FAN sites may be considered a substantial subset of the larger GAW surface in situ aerosol monitoring network (FAN data comprise approximately one-third of GAW's surface aerosol optical property measurements and dominate contributions of optical properties to GAW outside of Europe). Table ES1 in the online supplemental material (https://doi.org/10.1175/BAMS-D-17-0175.2) provides more detail about the sites shown in Fig. 1 .
DESCRIPTION OF SYSTEM.
The basic aerosol optical property measurements made at FAN sites are spectral aerosol light scattering (total and backward hemisphere) and light absorption. These are the critical parameters for determining direct aerosol radiative forcing. Most of the sites also measure aerosol number concentration. Depending on the station, additional aerosol and gas-phase measurements may be available. Over the years, NOAA/ GMD has developed protocols and instrument infrastructure in order to make measurements of known high quality, and it has written software to enable consistent processing, editing, and archiving of the data. NOAA (2018b) provides details, design drawings, and photos of the system's components (inlet, instruments, auxiliary control units, pump box, etc.), but brief descriptions of the main components are provided below.
Instruments. Light scattering by atmospheric aerosols at the FAN stations is measured using integrating nephelometers [currently, either the TSI (model 3563, TSI Inc.) or the Ecotech (Aurora 3000/4000, Ecotech) nephelometer]. Both instruments measure total and hemispheric aerosol backscattering coefficients at three visible wavelengths, enabling the calculation of spectral aerosol properties and various proxies describing the angular distribution of light scattering (e.g., Andrews et al. 2006) . Table ES1 describes the scattering and absorption instruments at each site. Table ES2 gives further details (e.g., wavelengths) for the various instruments.
Aerosol light absorption is measured at FAN stations using a variety of filter-based absorption instruments. Currently, the primary light absorption instruments are the ESRL/GMD-developed threewavelength continuous light absorption photometer (CLAP; Ogren et al. 2017 ) and the single-wavelength multiangle absorption photometer (MAAP; Thermo Fisher Scientific). Many sites are also operating seven-wavelength aethalometers (Magee Scientific) to take advantage of that instrument's broad spectral range. Previously, FAN sites used single-and multiwavelength particle soot absorption photometers (PSAP; Radiance Research Inc.) and/or broadband aethalometers.
While the instruments across the FAN are not identical, laboratory studies suggest they make comparable measurements. Intercomparisons of TSI and Ecotech nephelometers show excellent reproducibility for total scattering, although the differences are slightly larger for backscattering (Müller et al. 2011b) . Müller et al. (2011a) Aerosol number concentration is another common measurement at FAN sites (Table ES3 ). The most commonly used instruments for this parameter are butanol-based particle counters. Many FAN sites operate multiple particle counters in tandem, which can provide some minimal information on aerosol size distribution because different models have different lower size cuts. Some sites also operate instruments to measure aerosol size distributions (see Table ES3 ).
Infrastructure and protocols. The FAN is a subset of the WMO Global Atmosphere Watch; consequently, it follows the GAW aerosol guidelines and standard operating procedures (WMO 2011 (WMO , 2016 . The WMO World Calibration Centre for Aerosol Physics (WCCAP; www.wmo-gaw-wcc-aerosol-physics.org/) organizes instrument training and evaluation workshops, and performs occasional site audits, which are designed to ensure consistency across the GAW network. The role of the FAN, in this context, is to provide advice and tools that make it easier for station operators to implement the recommended procedures for GAW stations.
The FAN standard aerosol inlet configuration (NOAA 2018c) is slightly anisokinetic (i.e., Reynolds number in the range of 4,500-7,000). The resulting turbulent conditions limit losses of supermicrometer particles (Wilcox 1956 ). Sampling line sizes, materials, pick-offs, and flow rates are optimized to promote maximum passing efficiency for particles that are most important to radiative forcing (i.e., particles with diameters between 0.1 and 10 µm). Because the focus is primarily on optically important aerosol, bends in tubing and obstructions upstream of instruments are minimized to limit particle losses caused by impaction. Passing efficiencies for supermicron particles are 99% and 50% for 1-2-and 7-11-µm aerodynamic diameter particles, respectively. Different inlet designs and/or instruments should be used for aerosol diameters above this size range. The inlet is not optimized for ultrafine aerosol; however, inlet passing efficiency calculations suggest a 99% and 50% passing efficiency for 0.1-and 0.002-0.004-µm aerodynamic diameter particles, respectively. Figure ES1 in the supplemental materials show the aerosol inlet passing efficiency for several stations. Some collaborators have designed their own inlet system (see Table ES3 ). WMO (2016) includes guidelines for inlet systems, including criteria and equations used to design them. GAW and FAN offer assistance to station operators with designing inlet systems and calculating losses, but every site is different (e.g., surrounding terrain and vegetation, fog frequency), meaning a common design is not practical or even desirable.
The network goal is to make aerosol measurements at low relative humidity (RH < 40%), which minimizes the confounding effects of aerosol amount and hygroscopicity on the optical properties, facilitating a comparison of aerosol properties among FAN sites. This objective is consistent with the wider GAW sampling protocol (WMO 2016). To achieve low RH, two approaches have been used. The first approach involves gentle heating (to a maximum of 40°C) of the sample lines and insulation of the sample lines downstream of the heater. Power is applied to the heater only when the sample humidity is above the desired value. The second approach is to dilute the airstream with dry filtered air generated by a compressor system. The dilution approach is typically used at warm marine sites in the network. The amount of dilution air is measured and corrections to the measurements are applied automatically during data processing.
To fully characterize the sampling system, temperature, RH, flow, and pressure are monitored at several points along the sample line. Monitoring temperature and RH in several places allows determination of whether sample dewpoint temperature is maintained as the air moves through the system. Discrepancies in system dewpoint temperature can indicate a leak in the system (or, possibly, a poorly calibrated sensor). Pressure and flow measurements provide diagnostics to determine whether sample air is flowing through the system as designed. Additionally, both analog and digital f low and pressure measurements are implemented. The analog measurements (rotameters, pressure gauges, etc.) can be assessed at a glance by an on-site operator. The digital measurements are also available to the on-site operator via the data acquisition interface, but they are primarily intended for someone who is remotely evaluating the data.
Many FAN sites make aerosol light scattering and absorption coefficient measurements at two size cuts [aerodynamic particle diameter < 1 and < 10 µm (PM1 and PM10, respectively)]. ESRL/GMD has designed an "impactor box" to smoothly integrate size cut switching into system operations. All sample air flows through a 10-µm multijet Berner impactor [Hillamo and Kauppinen (1991) and references therein] prior to being sampled by instruments. On a time base interval ranging from 5 to 30 min, depending on the site, control software closes an automated ball valve, forcing the sample flow through a 1-µm Berner impactor. A mass flow controller is used to control flow through the impactors in order to ensure the desired size cut. The impactor box also contains solenoid valves that enable the instruments to be bypassed at certain times (e.g., during impactor cleaning).
The system requires only minor intervention from on-site technicians. Technician tasks include nephelometer calibration gas checks (performed with CO 2 and filtered air) to verify instrument calibration (Anderson and Ogren 1998) , impactor cleaning, filter changes for the light absorption instruments, and replenishing the operating fluid for number concentration instruments. The frequency of these tasks depends on the site. Most sites perform nephelometer calibration checks and impactor servicing on a weekly to monthly basis, while filter changes and operating fluid replenishment tend to be more frequent. Figure ES2 provides an example of nephelometer calibration checks for FAN sites with at least five years of data. Annually, or whenever problems are suspected, FAN protocols recommend calibration of system sensors (temperature T, pressure P, RH, flow), cleaning of instruments and sample lines, and overnight filtered air tests on scattering and absorption instruments.
It should be noted that there is currently no calibration standard for filter-based absorption measurements [that is an area of active research, e.g., the European Metrology Programme for Innovation and Research (EMPIR) Black Carbon project (www.empirblackcarbon.com)], but the flows for the absorption instruments are calibrated annually. NOAA/GMD does not utilize a calibration system for particle counters; however, two particle counters are maintained as reference standards, one of which was tested at the WCCAP for connecting the FAN measurements with the wider GAW network. Field condensation particle counters (CPCs) are periodically tested against these laboratory reference CPCs. The CPC flows are also checked on a regular basis. Instrument intercomparisons are a major tool in the in situ aerosol community for ensuring comparable measurements, because of the lack of calibration standards. Additionally, instrument noise evaluations are performed annually for scattering, absorption, and number concentration instruments; these evaluations consist of having the instruments measure filtered air for a 12-24-h period.
Software. ESRL/GMD has developed custom software (called CPD3) for acquisition, processing, editing, and archiving of data from aerosol instruments that are used in the FAN. More information about the software is available in the supplemental materials but some key aspects are highlighted here. An earlier version of the ESRL/GMD software (CPD2) is also used in the Capacity Building and Twinning for Climate Observing Systems (CATCOS) aerosol network (PSI 2018) . The same software suite is used for both field acquisition computers and off-site data processing and analysis. Scientists and technicians responsible for the data use another copy of CPD3 on their desktop or laptop computers to review the data for quality and completeness and flag or remove contaminated or invalid data. The CPD3 system supports direct submission of both near-real-time (raw data) and annual [quality control (QC) reviewed] data to the WMO World Data Centre for Aerosols (WDCA).
CPD3 is highly configurable, making it simple to add or remove instruments at the field site and to change data logging parameters. A list of instruments that can be logged with CPD3 is available from NOAA (2018d). Because all instruments are logged on the same computer using the time server synced computer time stamp, the time stamp for every instrument is the same. Having all the instruments and infrastructure tied together enables the system to operate holistically. For example, if high particle concentrations and/or wind direction indicate local contamination, a contamination flag can be set automatically (e.g., Sheridan et al. 2016) . Similarly, chemical filters can be automatically bypassed to avoid sampling contaminated air, while other measurements are flagged (Quinn et al. 2002) .
During data review, the ability to inspect multiple data streams simultaneously in a graphical interface helps with identifying both events and troubleshooting system failures. CPD3 includes a time-stamped message log, enabling the data to be directly related to operator actions and observations both on the station computer and after the fact during QC data inspection and editing. CPD3 provides tools for editing and applying standard corrections (e.g., standard temperature and pressure corrections), the truncation correction for the nephelometer (e.g., Anderson and Ogren 1998) , various schemes for correcting filter-based absorption measurements (e.g., Bond et al. 1999) , and so on. The end result of the integrated software developed at ESRL/GMD is a self-consistent data archive standardized across all stations using the software. Final data from the NOAA/ESRL FAN are available from the WDCA (http://ebas.nilu.no/) for most stations and from the principal investigators (PIs) in all cases.
FAN SCIENCE.
While the FAN methodology is useful for a single station, its real strength lies in creating measurement consistency among multiple stations. Science questions that can be addressed with this dataset include the following:
• What are the range and variability (on multiple time scales) of aerosol optical properties observed at FAN sites? • How do long-term trends in aerosol properties compare across the globe?
By combining FAN data with external datasets, additional questions can be explored, including the following:
• Can similarities and differences among sites be related to aerosol types, sources, or processes? • How well do global models and aerosol parameterizations in models capture aerosol properties across a range of sites? • How consistent are the in situ aerosol properties measured at FAN sites with remote sensing measurements from ground-and satellite-based instruments, and how do the consistencies and inconsistencies inform interpretation of the results from all three approaches? Figure 2 illustrates that the FAN sites cover a wide range of aerosol properties. Aerosol loading (e.g., scattering and absorption) spans nearly four orders of magnitude. While scattering at the sites is shown in monotonically increasing order, other aerosol parameters (e.g., single-scattering albedo and scattering Ångström exponent; see Table 1 ) vary as a function of the nature of the particles (e.g., size, composition) rather than aerosol amount. For example, the clean marine sites-Cape Grim, Australia (CGO); Cape Point, South Africa (CPT); American Samoa (SMO); THD; and Cape San Juan, Puerto Rico (CPR)-exhibit low scattering Ångström exponent (SAE) values indicative of large sea salt aerosol, while the low SAE at Mount Waliguan, China (WLG), can be attributed to large dust particles. Median single-scattering albedo (SSA) values are around 0.92 at most sites, although the clean marine sites exhibit higher SSA values because of predominantly white sea salt aerosol. In contrast, the University of Granada, Granada, Spain (UGR), site exhibits significantly lower SSA relative to the other sites in the FAN-the site is strongly impacted by diesel-based traffic and local biomass burning (Titos et al. 2017) . The standardized FAN sampling and data processing protocols help ensure that the reported differences between stations are real and not related to operational inconsistencies. Table ES1 provides more information about the stations and measurement data depicted in Fig. 2 . Figures ES3-ES5 show the same data depicted in Fig. 2 in separate sets of panes with aerosol scattering coefficient ordered by elevation (Fig. ES3) , latitude (Fig. ES4) , and longitude (Fig. ES5) .
While Fig. 2 shows annual climatological values for all sites in the network, more detailed climatologies can be evaluated as well. Figure 3 shows climatological patterns of aerosol light scattering at Bondville as a function of year, month, and day of year. Figure 3a shows that there has been a decrease in aerosol light scattering at Bondville since the start of measurements in the mid-1990s and that this decrease appears to have impacted scattering during all months at the site. This result is consistent with other literature documenting decreases in aerosol loading over most of the continental United States (e.g., Collaud Coen et al. 2013) . Although aerosol amounts have decreased over the last two decades, the general picture of higher scattering during the summer remains true. Figure 3b depicts how the diurnal cycle varies with time of year. In the summer, the scattering is high throughout the day, while at other times of year the diurnal cycle is much more pronounced [similar to the observations of Sherman et al. (2015) ]. The diurnal minimum occurs in the early afternoon, most likely as a result of an increase in boundary layer height.
Detailed multisite climatologies, including data from FAN observatories, based on location [e.g., mountain sites (Andrews et al. 2011) ; North American sites (e.g., Sherman et al. 2015; Delene and Ogren 2002) ; and Arctic sites (Schmeisser et al. 2018 Uttal et al. 2016; Zanatta et al. 2016; Pandolfi et al. 2018) . Additionally, with multiple sites one can look at the covariability of different aerosol properties and start to identify relationships as a function of site and aerosol type (e.g., Delene and Ogren 2002; Andrews et al. 2011; Sherman et al. 2015; Schmeisser et al. 2017) . Trend studies have also used data from multiple FAN sites as the focus of their investigation (e.g., Asmi et al. 2013; Collaud Coen et al. 2013; Sherman et al. 2015) to explore changes in aerosol properties as a function of location.
An additional advantage of the unified FAN dataset is that it can be used to assess and improve global models. Multiple studies use FAN number concentration data to evaluate various parameterizations of aerosol nucleation (e.g., Spracklen et al. 2010; Matsui et al. 2013; Mann et al. 2014; Yu and Hallar 2014) . Skeie et al. (2011) evaluated how well the Oslo Chemical Transport Model, version 2 (CTM2), simulated absorbing aerosol in terms of loading and seasonality at multiple FAN stations. There are several modeling studies using Arctic sites FAN data. For example, Sharma et al. (2013) explored the sensitivity of absorbing aerosol to wet and dry deposition, while Eckhardt et al. (2015) used Arctic surface measurements to evaluate simulated model climatologies. Currently, the FAN data are being utilized to evaluate Aerosol Comparisons between Observations and Models (AeroCom; Kinne et al. 2006 ) global model simulations of surface aerosol scattering and absorption coefficients (E. Andrews et al. 2019 , unpublished manuscript). While the FAN data consistency allows for collective science using data from multiple sites, the unique locations and interests of scientists involved with each site have also resulted in many findings. For example, there have been both climatological and transport event-based studies focused on aerosol types observed at individual sites (e.g., Lim et al. 2012; Hallar et al. 2015; Sorribas et al. 2015 Sorribas et al. , 2017 Denjean et al. 2016; H. Rivera et al. 2018, unpublished manuscript; Kassianov et al. 2017) . FAN measurements have been used to provide context for field campaigns (e.g., Brock et al. 2011; Bravo-Aranda et al. 2015; Denjean et al. 2016) , instrument comparisons (e.g., Sharma and Barnes 2016; Backman et al. 2017; Sinha et al. 2017; Sharma et al. 2017) , remote sensing validation (e.g., Pahlow et al. 2006; Di Pierro et al. 2013; Shinozuka et al. 2015) , direct aerosol radiative forcing sensitivities and uncertainties (e.g., Sherman and McComiskey 2018) , and many other scientific efforts.
Uniting observatories under the umbrella of the Federated Aerosol Network provides the opportunity to both train and learn from a diverse group of U.S. and international partners. The federated nature of the network enables scientists to pursue their own interests while participating in a wider goal, making the network greater than the sum of its individual parts. In the process of increasing understanding of the range and variability in aerosol radiative properties, the FAN strengthens scientific ties across the globe, fostering collaborations and the exchange of knowledge. In the FAN's next 25 years, the objective is to maintain current collaborations and to establish new ones to expand the network, particularly in undersampled regions. The FAN will continue to improve measurements, software, and protocols in order to be able to address new questions as they arise. For example, in the future, a complementary network composed of new low-cost sensors could be developed or even used to expand the FAN or other networks pending guidance from WMO GAW (e.g., WMO 2018).
CONCLUSIONS.
The FAN is a long-term cooperative program enabling diverse sites with a wide range of aerosol types to make measurements that are directly comparable with other network stations. This facilitates the exploration of science questions at local, regional, and global scales, and makes the network measurements especially useful for global model evaluation. There is a need to expand such measurements to locations that have large impacts by aerosols but little current representation in measurement databases; however, many factors (e.g., funding), of course, will determine whether this really takes place. The growth and scope of NOAA's collaborative network can be a model for new and existing networks that seek to expand coverage in a collaborative fashion.
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